The purpose of this study was to report methods currently recommended by commercial laboratories for collecting, shipping, and processing of samples for feline herpesvirus type 1 (FHV-1) testing using polymerase chain reaction (PCR) and to determine the effect of temperature and time on the ability of 1 PCR method to detect FHV-1 DNA in experimental and clinical samples. Eleven laboratories offering FHV-1 PCR were surveyed. There was notable variation in sample types and shipping conditions recommended and PCR protocols used by these laboratories. Subsequently, using a single PCR method, FHV-1 DNA was detected in samples exposed to various temperatures within the laboratory. Finally, FHV-1 PCR was performed on paired clinical samples collected from 25 cats and shipped at ambient temperatures via US Postal Service (USPS) or with an ice pack via a courier. Samples sent by USPS were exposed to significantly longer transit time and arrived at significantly higher temperature than did samples sent by courier. Despite this, all sample pairs yielded concordant results when tested for FHV-1 DNA using this PCR method. Although it may not be necessary for samples collected for detection of FHV-1 DNA using this PCR method to be shipped under the most expedient or temperature-controlled conditions, this should be verified for a variety of PCR assays and sample types.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Polymerase chain reaction (PCR) is widely used for pathogen detection. 5, 12, 15, 18, 19 An important advantage of PCR is that viable organisms need not be harvested, shipped, or received by the laboratory for organism DNA to be detected. 12 Despite this, researchers and those managing commercial laboratories frequently prescribe storage conditions and shipping temperatures and speeds for samples being assessed using PCR. 4, 6, 7, [16] [17] [18] Although DNA is reported to be temperature-stable, the effects of temperature upon other cellular and microbial elements present in some biological samples 1, 13, 18 and the extreme temperatures that can be encountered with some shipping methods 3,10 could damage DNA, alter target sites for PCR primer action, or be associated with release of PCR inhibitors, 1, 13, 18 leading to false-negative test results. Additionally, the US Postal Service (USPS) has begun irradiating some mail, which could damage DNA. 14 This study was designed to report recommendations of commercial laboratories for the shipping of samples for feline herpesvirus type 1 (FHV-1) testing using PCR, to determine the effect of temperature fluctuation upon detection of FHV-1 DNA from experimental samples, and to determine the effect of elevated temperature and extended transit time upon PCR detection of FHV-1 DNA in clinical samples.
To assess variation in protocols used by commercial laboratories offering PCR assays for FHV-1, a telephone or email survey of 11 laboratories (8 within North America and 3 within Europe) was conducted. Staff members at all laboratories were asked a similar set of questions. Recommended or acceptable sample types included swabs (n 5 11 laboratories), biopsies (n 5 10), scrapings (n 5 10), or cytobrushes (n 5 8). Recommended transport media included none (n 5 4), saline (n 5 7), distilled water (n 5 2), or a customized transport media (n 5 2). Recommended shipping temperature included with a cold pack (n 5 8) or dry ice (n 5 2), or at ambient temperature (n 5 2). One laboratory made no recommendation regarding shipping temperature. Because some laboratories' recommendations regarding media type and shipping conditions varied with sample type, subtotals for these parameters exceed the total number of laboratories surveyed. Recommended transit times included overnight via courier (n 5 8 laboratories) or via regular mail (n 5 2). One laboratory made no recommendation regarding transit times. Two laboratories unpack, repack with a cold pack, and then forward samples to a third laboratory also included in this survey, thus these samples are shipped twice using identical recommendations regarding shipping condition. At least 4 different published PCR methods were offered by the 11 laboratories; 5 laboratories used an unpublished protocol or were unwilling to reveal their method.
To simulate temperature fluctuations encountered during storage and shipping, aliquots of cultured FHV-1 or DNA extracted a from it were held at room temperature (approximately 22uC) or 220uC for 7 days or were subject to a range of variable temperatures for 8 days (Fig. 1) . The virus used was a field isolate 8 ing exposure to the various temperature regimens, DNA was extracted a from the lysates of uninfected and infected CRFK cell cultures. DNA from these samples, along with DNA which was extracted before temperature exposure, was quantified b and subjected, in duplicate, to a PCR method reported to detect $240 genomic copies. 17 Negative control (CRFK cell) samples were assayed without dilution. Test samples were assayed without dilution and at 1 : 100, 1 : 1,000, and 1 : 10,000 dilutions. Additional controls for all PCR assays included cultured FHV-1 (positive control) and DNAse-RNAse-free water c (negative control). Following thermocycling, samples underwent electrophoresis in ethidium bromide-stained 1.5% agarose gels, and PCR products were identified by visual examination for fluorescent bands and then digitally photographed. d FHV-1 DNA was detected in all test samples, regardless of dilution, whether extracted DNA or whole virus in cell lysate was subjected to the various storage conditions, and storage conditions prior to PCR.
Finally, ocular samples from cats with suspected herpetic ocular disease were shipped by 2 methods that varied in temperature and transit time. Veterinary ophthalmologists or residents in training collected conjunctival biopsies, corneal scrapings, or corneal or conjunctival swabs e based on tissue affected and personal preferences. Paired samples were created for each cat by dividing conjunctival biopsies approximately in half and by collecting 2 scrapings or swabs. All samples were placed into sterile tubes containing 1.0 ml of phosphate buffered saline (PBS). One sample from each pair was stored at ambient temperature and shipped in a padded envelope using USPS nonpriority parcel post. The other sample from each pair was stored at 220uC until shipped overnight with an ice pack in a styrofoam container and using a commercial shipping agent. f Upon receipt at the laboratory, samples were stored at 220uC and batched for processing. Members of the same sample pair were processed in tandem for all steps of DNA extraction a and PCR assay 17 to ensure identical handling.
Transit time (defined as time from postmark of USPSshipped samples or pick-up for couriered samples until time of receipt at the laboratory), sample temperature, and condition upon arrival were recorded for each sample pair. Maximum ambient temperatures for the city on the date that the sample was shipped and for Davis, California, on the receipt date were recorded from the National Climatic Data Center. Data for samples sent by courier and USPS were compared using the Mann-Whitney test. The Fisher's exact test was used to test for differences in proportions. For all analyses, P , 0.05 was deemed statistically significant.
A total of 14 conjunctival biopsies, 8 conjunctival swabs, 1 corneal scraping, and 2 corneal swabs were collected from 25 cats with corneal ulcers (n 5 8 cats), vascular keratitis (n 5 12), conjunctivitis (n 5 19), symblepharon (n 5 1), eosinophilic keratitis (n 5 2), epiphora (n 5 9), decreased Schirmer tear test (n 5 1), and corneal sequestration (n 5 1). Five cats had historic or concurrent respiratory signs. Samples were shipped in January (n 5 1), February (n 5 1), June (n 5 1), July (n 5 1), August (n 5 11), September (n 5 5), October (n 5 3), or November (n 5 2). Median (range) ambient temperature at the shipping cities on the day of shipping was 31.7uC (16.7-46.7uC). Median (range) ambient temperature at Davis, California, on the day of receipt was 31.1uC (11.1-41.1uC). Paired samples were not always sent on the same date as each other and were never received on the same date. Therefore, for each sample pair, the difference between maximum ambient temperature in the shipping city on the day each sample was shipped was assessed. The median (range) difference for all pairs was 0uC (0-12.8uC). The maximum ambient temperature was higher for the date on which the couriered sample was shipped for 6 of 20 sample pairs. Shipping date was not available for 5 samples. For the receipt city, median (range) difference between maximum ambient temperature on the date each member of a paired sample was received was 3.4uC (0.5-12.2uC). Maximum ambient temperature was higher for the date on which the couriered sample was received for 14 of 24 pairs. Receipt date was not recorded for 1 sample.
Median transit time for samples shipped via courier (24; range 18-43 hours) was significantly shorter (P , 0.001) than that for samples shipped via USPS (144; range 72-336 hours). Median sample temperature on arrival when sent by courier (6; range 1-23uC) was significantly lower (P , 0.001) than for samples shipped by USPS (23; range 22-24uC). No couriered sample was still frozen upon arrival. Overt changes in sample quality were noted in 9 samples and were significantly more likely (P 5 0.03) in postal (n 5 8) than couriered (n 5 1) samples. Changes noted included turbidity and discoloration of the PBS in which the sample was shipped and of some swabs. Maximum ambient temperature in the shipping city on the shipping date, transit time, and maximum ambient temperature in Davis, California, on receipt date did not vary significantly between samples in which a change in quality was noted and those that were visually unaffected ( Table 1) . Although median sample temperature upon arrival was significantly higher in samples in which a change in quality was noted than in those that appeared unaffected, it differed by only 1uC (Table 1 ). Results of PCR testing for the presence of FHV-1 DNA were concordant for all 25 samples submitted (7 positive; 18 negative) irrespective of shipping conditions. All samples in which FHV-1 DNA was detected were conjunctival biopsies. FHV-1 DNA was not detected in any sample in which there was a notable change in sample quality; however, neither was it detected in the paired sample for any of these samples. Maximum ambient temperature in the shipping city on the shipping date, transit time, sample temperature upon arrival, and maximum ambient temperature in Davis, California, on receipt date, did not vary between samples in which FHV-1 was detected and those in which it was not detected ( Table 2) .
This study reveals wide variation in recommended sampling, handling, shipping, and processing conditions for samples submitted to commercial laboratories for PCR detection of FHV-1 DNA. Of these, PCR methodology is known to affect test result. 7 Additionally, data in the present study suggest that the relative lack of uniformity in sample types recommended by laboratories may also contribute to variation in FHV-1 PCR results between laboratories. In the present study, FHV-1 DNA was not detected in any swabs or scrapings. Because FHV-1 is an obligate intracellular virus, it is probable that the PCR assay is more likely to detect viral DNA as more host cells are tested. However, no patient in the present study had more than 1 sample type collected, and so a direct comparison of sample type is not possible from the data presented here. It is possible the DNA was not detected in samples other than conjunctival biopsies because of the sample preparation (i.e., inadequate DNA extraction) or because a fixed sample volume was used in the PCR instead of a quantified amount of DNA.
Data generated in the bench top experiments and from the clinical samples in the present study suggest that lack of uniformity in recommended shipping conditions may minimally affect FHV-1 PCR results. This is supported by studies describing the effects of storage and shipping conditions on test outcome for Chlamydia spp. 2, 11 Although temperature variation en route was not assessed for either shipping method in the present study, it seems reasonable to assume that couriered samples experienced less variation in temperature and less extreme temperatures and for shorter times than did postal samples. Although the highest temperature measured at the time of unpacking a sample sent by USPS in this study was 24uC, maximum ambient temperatures at the shipping and receipt cities were 47uC and 41uC, respectively. Because temperatures as high as 58uC have been recorded within USPS mailboxes when the ambient temperature was only 38uC 3 and package temperatures en route as high as 63uC have been reported, 10 it seems likely that postal samples in the present study experienced extreme temperatures in transit. Despite this, results of testing with this FHV-1 PCR assay were unaffected by these conditions. It is possible that other PCR assay results, including those using quantitative PCR, may reflect the effects of such temperature and transit conditions. Likewise, transit time did not have an apparent effect on PCR test outcome. In the present study, the definition of transit time did not include time between sample collection and shipping or time between sample arrival at the laboratory and PCR testing. Even using this definition, transit times of up to 14 days did not affect test results using this PCR assay. In another study, samples obtained by mail with transport times up to 1 month yielded DNA of sufficient quality and quantity for PCR testing in clinical and epidemiological studies. 9 Taken together, these data suggest that although transit time and temperatures to which samples are exposed en route to commercial laboratories vary widely, these factors do not affect the detection of FHV-1 DNA using this PCR method for viral samples grown in vitro or for clinical samples collected from cats with ocular disease. This suggests that it may not be necessary for samples collected for detection of FHV-1 DNA to be shipped under the most expedient or temperature-controlled conditions; however, this should be verified for a variety of PCR assays and sample types.
